Localization Of Adenosine 3', 5'-Monophosphate In Mouse Epidermis By Immunofluorescence  by Verma, Ajit K. et al.
THE JOUkl'lAL 01' INVESTIGATIVE DEHMATOLOC Y, 66:239-241. 1976 
CoP)'ri~ht © 1976 by The WiHjarns & Wi.\\I.'ns Co. 
Vol. 66. No. 4 
Printed in U.SA. 
LOCALIZATION OF ADENOSINE 3'.5'-MONOPHOSPHATE IN MOUSE 
EPIDERMIS BY IMMUNOFLUORESCENCE 
AJIT K . VERMA , M.Sc., KEITH E. DIXON , PH .D ., MARIO FROSCIO , B.Sc. , AND ANDREW W. MURRAY, P H .D. 
School of Biological Sciences, Flinders University or Sou.th Australia , Bedford Park , South Australia 
Adenosine 3',5'-monophosphate (cyclic AMP ) has been localized in mouse epidermal cells 
using an immunofluorescent technique. Within 10 min following the intraperitoneal injection 
of isoproterenol or 30 hr foHowing t.he topical application of croton oil in acetone, staining was 
clearly visible in the cytoplasm of the basal cells. 
Epidermis, in common wit.b other mammalian 
tissues, contains adenosine 3' ,5' ·monophosphate 
(cycl ic AMP), and this material has been postu -
lated to play an important role in the regulation of 
the growth and fun ction of epidermal cells (for 
references, see II]). Some work has been done also 
on the changes in epidermal cyclic AMP levels and 
on their responsiveness to hormones foHowing the 
applicat ion of carcinogens and tumor promotors 
to mouse skin 12-4]. Although mouse epidermis is 
composed predominantly of keratinocytes. the cell 
population is a continuum varying from mitotically 
active cells in the basal layer, to dead, fully ker-
atinized cells in the horny layer. Consequently. 
any attempt to correlate gross biochemical mea· 
surements of cyclic nucleotides or other com· 
ponents with, for example, the complex processes 
of tumor initiation and promotion will require in· 
format~on on the cytologic localization of these 
materials. Localization of cyclic nucleotides by 
the technique of fluo rescence immunocytochemis· 
try has been reponed for a number of mammalian 
t.issues 15-9]. In the present study. this technique 
has been applied to the localization of cyclic AMP 
in mouse epidermis after elevation of the basal 
levels of this nucleotide by injection with iso· 
proterenol [2- 4] or by the topical application of 
croton oil 14]. 
MATERlALS A~D METHODS 
Mat erials. Immunoglobulin fractions with a high bind · 
ing capacity for cycl ic AMP were prepared from antisera 
raised by repeated injections of rabbits with 2·0·suc· 
cinyl cycl ic AMP conjugated t.o human serum albumin 
110 I. Goat antibodies to rabbit IgG were obtained from 
Calbiochem Aust ralia Ltd .. Sydney. Australia, and fluo· 
rescein-Iabeled as described previously [11 I. Croton oi l 
and isoproterenol were obtained from the Sigma Chemi· 
cal Co .. St. Louis, Missouri . 
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Histochem ical procedure , Mice were kept and treated 
with croton oil or isoproterenol as desc ribed previously 
14], At appropriate times after t reatment, animals were 
killed by cervical dislocation and the dorsal skin excised 
and immediately frozen in isopentane cooled by liquid 
nit.rogen. Cryostat sections (6-8 ,/Jm in thickness) of 
unfixed tissue were transferred onto glass slides. The 
sections were t reated in sequence with antibody to cyclic 
AMP, phosphate. buffered saline (pH 7,5) , fluorescein·ls· 
beled antibodies to rabbit 19G, and phosphate· buffered 
saline (pH 7.5) as described earlier [5j. Finally. sections 
we re mounted in 50% glycerin in phosphate-buffered 
saline and immediately examined by incident light- dark 
field fluorescence microscopy, using a HBO 100 mercury 
lamp, reflector F1 500. excitation filter KP 500. and 
interference barrier filter KP 630. Sections were photo· 
graphed with K odak Tri·X 35·mm in an automatic 
camera . 
Measurement of cyclic AMP binding. The binding of 
\8· 3H jcyclic AMP 1.0 immunoglobulin fractions was 
measured by Millipore fiJtration as described previously 
\121. but with the omission of AMP from the assay mix· 
tures , Control assays containing 6 pmoles of tritiated 
cycl ic AMP and rabbit antibodies t.O cyclic .A.MP (l03 
Ilg of protein) bound 1.9 pmoles of cyclic AMP per mg 
of protein. This binding was not depressed by the in· 
clusion of 50 or 250 pmoles of unlabeled AM.P. ATP. or 
cyc lic guanosine 3',5 '·monophosphate (cyclic GMP) in as· 
say mixtures. The addition of 50 or 250 pmoles of un· 
labeled cyclic AMP decreased the binding of t ritiated 
nucleotide by 78 and 94%. respectively. 
No binding of triti81.ed cyclic AMP was detect.ed in 
assays containing immunoglobulins purified from normal 
rabbit serum . 
RESULTS 
As shown in Figure 1, fluorescence indicating the 
presence of cycl ic AMP was detect.ed in epidermal 
cells following the injection of isoproterenol or the 
topical application of croton oil. Only weak stai n· 
ing was apparent in control animals injected with 
saline in place of isoproterenol (Fig. 18), or t reated 
with acetone in place of croton oil (data not 
shown), No f1 uorescence associated with epidermal 
cells was observed in sections treated with fluores ~ 
cein·labeled goat antiserum to rabbit immuno~ 
globulins but not treated wit.h antibodies to cyclic 
AMP (Fig. 2B ) or in unstained sections (data not 
shown). Essentially nO staining was obtained using 
antibodies purified from normal rabbit serum (Fig . 
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FIG . 1. Immunofluorescent localization of cyclic AMP 
in mouse epidermis. A (phase contrast ) and B (fluores-
cence) are phot.omicrographs of a section prepared from a 
control mouse; C (phase contrast) and D (fluorescence) 
are photomicrographs of a section prepared 10 min after 
the injection of isoproterenol. E (phase cont rast) and F 
(fluorescence) are photomicrographs of a section pre· 
pared 30 hr after the application of croton oil. Arrows 
point to areas of specific fluorescence . The bar corre -
sponds to 50 Ii. 
W) or following the prior incubation of the rabbit 
antiseru m with 10- 4 M cyclic AMP for 2 hr at 4°C 
(Fig. 2F). These results, together with the binding 
data reported in Mat erials and Methods, establish 
the specificity of the antibodies for cyclic AMP. In 
all of the control experiments sum marized in 
Figure 2 a low level of nonspecific fluorescence was 
frequently observed in the dermal layer. 
As is apparent in Figures 1 and 2. a strong 
autofluorescence was observed in the outer kera-
tinized layer (e.g .. see arrows in Fig. lB) . This 
autofluorescence was observed even in untreated 
slides mounted directly in glycerin (data not 
shown) and is therefore not related La the specific 
staining patt.erns obtained . In some cases the 
strength of this nonspecific flu orescence prevented 
sharp localization in photographs of specific stain-
ing in the epidermal cells (e.g., see Fig. ID). The 
best localization of specific fluorescence was ob-
tained when the keratinized layer was partly 
removed during section preparation (e.g., see Fig. 
IF). 
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Isoproterenol injection induced about a IO-fold 
increase in epidermal cyclic AMP levels under the 
conditions used in these experiments 12- 4]. This 
was associated with an increase in specific fluores-
cence, which was predominantly located in t he 
cytoplasm of basal epidermal cells (Fig. ID, see 
arrows). Although an occasional basal cell was 
observed which did not show fluorescent staining 
following isoproterenol injection, no evidence for a 
clustering of responsive cells was obtained. Cn .. 
oil treatment also induced specific cytoplasm. 
staining for cyclic AMP in t he nucleated cells ot 
the thickened epidermal layer (Fig. IE, F). Some 
discrete areas of more intense staining were also 
repeatedly observed after crOlon oil treatment (see 
Fig. IF), but it was often not possible to associate 
these with individual epidermal cells. A dispersed 
band of staining, a lso not obviously associated with 
fIr.. 2. Control experiments for the immunofluorescent 
localization of cycl ic AMP in mouse epidermis. All 
sections represent separate experiments and were pre-
pared 10 min after the injection of animals with iso-
proterenol. In A (phase contrast) and B (fluorescence) a 
section was treated with fluo rescein-labeled goat anti-
serum to rabbit immunoglobulins but not with antibodies 
to cyclic AMP. In C (phase contrast) and D (fluores -
cence) a section was treated with fluorescein- labeled goat 
antiserum La rabbit immunoglobulins and with anti-
bodies prepared from normal serum . In E (phase con-
trast) and F (f1uorescence) a complete localization reac-
tion was carried out. but the rabbit antiserum was 
preincubated with 10- · M cyclic AMP (2 hr ; 4°C). 
The bar corresponds to 50 ~ . 
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particular epidermal cells, was apparent around 
the position of the basal lamina basement memo 
brane . 
DISCUSSION 
Previous studies using keratatome slices 11] or 
epidermal scraping techniques [2- 4 J have indio 
cated the presence of an adenylate cyclase respon-
sive to .B.receptor stimulators in rat, mouse, and 
human epidermis. The present results confirm 
directly the presence of cyclic AMP in mouse 
epidermal cells following stimulation with iso· 
proterenol and suggest that the cyclic nucleotide is 
localized predominantly in the cytoplasm. A lack 
of intense sta ining for cyclic AMP in the cell 
nucleus has been observed in other tissues (6--9 J. A 
different staining pattern has been ~bserved for 
cyclic GMP in a number of tissues [6,8,9J, and it 
will be of interest to extend this work to localiza-
tion of epidermal cyclic GMP. 
An essentially similar pattern of staining was 
observed in epidermal cells induced to accumulate 
cyclic AMP in response to application of the tumor 
promotor croton oil. A pronounced hyperplasia is 
evident 30 hr after the application of croton oil, 
and epiderm.l cyclic AM P levels are significantly 
increased [41; the increase is sen sit ive to a~receptor 
blockers (3J. This is in direct contrast to the 
isoproterenol #stimulated increase in cyclic AMP, 
which is blocked by propanolo!. a /l.receptor antag· 
onist 11 ,3.4 J. Consequently. it was necessary to 
determine whether the cyclic AMP accumulated in 
response to both types of stimulation had a similar 
intercellular and intracellular localization . Despite 
a strong autonuorescence of the keratinized layer. 
8 rel atively sharp localization of specific staining 
was possible and it seems likely that the technique 
of immunocyt.ochemist ry will become a powerful 
tool in studies of the physiologic roles of cyclic 
nucleotides in complex tissues such as skin. 
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